Afferent loop obstruction is an uncommon complication associated with Billroth-II distal gastrectomy. Inappropriate treatment may result in life-threatening events as perforation and peritonitis. For the benign afferent loop obstruction, Braun or Roux-en-Y reconstruction has been reported as the choice. However, the edematous afferent loop may result in anastomotic fistula. In this study, a less invasive technique was described for treatment of benign afferent loop obstruction. The aim of this study was to investigate the effectiveness and safety of endoscopic nasogastric tube insertion for treatment of benign afferent loop obstruction.
Introduction
Afferent loop obstruction (ALO) is an uncommon complication associated with Billroth-II reconstruction or Roux-en-Y reconstruction after gastrectomy. [1] Various etiologies of ALO have been reported, and the treatment differs between malignant and benign etiologies. For patients in whom this syndrome is due to malignant obstruction, less invasive, nonsurgical therapy, such as percutaneous transhepatic biliary drainage (PTBD), percutaneous transhepatic duodenal drainage (PTDD), [2] [3] [4] [5] direct percutaneous tube duodenal enterostomy [6] or self-expanding metal stents placement in afferent loop [7, 8] is preferred because these patients are in poor condition due to the advanced stage of their malignancy. On the contrary, for patients with benign obstruction, surgical intervention including adhesiolysis, [7] jejunojejunostomy with Braun procedure or Roux-en-Y conversion have been recommended as the choice. [9, 10] However, the dilated afferent loop is edematous that may result in anastomotic fistula after jejunojejunostomy. Therefore, some treatment with decompression of the afferent loop should be suggested because even if it is not a radical treatment, it can improve the intestinal wall edema and provide a favorable condition for next surgical treatment.
A simple and less invasive technique, endoscopic nasogastric tube insertion into obstructed afferent loop, was described as an alternative treatment for ALO, and the result is reported herein. The main aim of this study was to describe the procedure, and evaluate the safety and effectiveness of this treatment.
Materials and methods

Patients
We retrospectively reviewed the surgical database of 2548 gastric cancer patients who underwent distal gastrectomy with Billroth-II or Roux-en-Y reconstruction at the Liaocheng people's hospital, Shandong province, China, between January 2002 and January 2018. Billroth-II or Roux-en-Y reconstruction is routinely performed in an antecolic manner with 10 to 15 cm of the afferent limb. The distance, in Roux-en-Y reconstruction, between the gastrojejunostomy and jejunojejunostomy is 30 to 40 cm. The diagnosis of ALO was confirmed by computed tomography (CT) scan. Patients with ALO caused by malignant lesions or mechanical factors such as internal herniation or adhesion were excluded from this study. This study was approved by Institutional Review Board at Liaocheng people's hospital.
Methods
Patients with ALO who were ruled out diagnosis of malignant and mechanical obstruction by CT were transferred to the endoscopy suite and were treated by endoscopic approach with insertion of a nasogastric tube into the obstructed afferent loop under intravenous sedation. Two methods were used for these procedures.
Method 1: A long nasogastric tube, 33.3 mm of diameter and 130 cm of the length (Flocare nasogastric tube, Nutricia Co. Ltd., Wuxi, China), was chosen because it was long enough to get to distal end of afferent loop. In this procedure, a suture was tied to the tip of the nasogastric tube, and then the tube was inserted through the nose into the remnant stomach or jejunum. The endoscope was advanced into the stomach or jejunum and an endoscopic biopsy forceps grasped the suture at the tip of the tube. The scope and long tube were advanced from the stomach or jejunum into the afferent loop (Fig. 1) . In this procedure, bile and pancreatic juice were extracted immediately by the endoscope for decompression when the scope reached to the dilated afferent loop. Then the scope was removed, and the long nasogastric tube was fixed on the nose and attached to the negative pressure drainage vessel.
Method 2: If endoscopic finding revealed a narrowed and swollen entrance of the afferent loop, a guide-wire of 260 cm (0.035-in. Jagwire, Boston Scientific Corporation, Shanghai, China) and an ultrathin transnasal gastroscope (EVIS LUCERA Gastrointestinal Videoscope GIF-XP260N, Olympus Corporation, Shanghai, China) were used to perform this procedure. The guide-wire was inserted through anastomotic stoma of the afferent loop under endoscope first (Fig. 2A ). The transnasal gastroscope was then removed leaving the guide-wire in place (Fig. 2B) . Finally, the nasogastric tube was advanced along the guide-wire into the afferent loop (Fig. 2C ). After intraoperative radiograph was performed for identification of the tube's position (Fig. 2D) , the long nasogastric tube was fixed on the nose and attached to the negative pressure drainage vessel.
An oral liquid diet was administered after the procedure. When abdominal pain disappeared, the drainage volume reduced, usually <50 mL in our experience and the non-dilated afferent loop was confirmed by ultrasonography, nasogastric tube was removed.
Follow-up study
Telephone follow-up was scheduled at 3, 6, and 12 months after the treatment, or when the patients developed some clinical symptoms suspected to be related to the treatment. Observations during follow-up mainly included clinical symptoms and sometimes contrast-enhanced CT. The end of follow-up was January 10, 2019.
Statistical analysis
Data were collected prospectively by using a computerized database. Quantitative data were given as an overall spread (median) pattern. The categorical data were analyzed by the Pearson chi-square test. The statistical tests were 2-tailed. P values of <.05 were considered statistically significant. All calculations and analysis were performed by the SPSS software package version 16.0 (SPSS Inc., Chicago, IL).
Results
Of the 2548 patients, 26 (1.0%) with ALO were identified and reviewed ( Table 1 ). The median age of the patients, consisting of 19 men and 7 women, was 60 years (range 36-69 years). Twentytwo of the 26 patients had advanced gastric cancer, and the remaining 4 were in the early stage of the disease. The intervals between the initial gastric resections and the diagnosis of ALO ranged from 8 to 43 days (median 14 days). With regard to the reconstruction methods, the incidence of ALO was higher in the Billroth-II group than in the Roux-en-Y group, 1.4% (25/1734) and 0.1% (1/814), respectively, with an odds ratio (OR) of 11.89 (95% CI 1.6-87.90, P = .002).
Of these 26 patients with ALO, 23 patients who performed the endoscopic treatment were included in this study, whereas the other 3 patients were excluded from the analysis because of internal herniation in 1 patient with Roux-en-Y reconstruction and peritoneal recurrence in 2 patients with Billroth-II reconstruction. The target of this study was the group of 23 patients who underwent endoscopic treatment. All of the 23 patients underwent endoscopic treatment in 24 hours after ALO diagnosed by CT scan. The endoscopic procedure was successfully performed in all the 23 patients. With regard to the endoscopic appearances, 17 of which showed mucosa inflammatory edema or even inflammatory stenosis of gastrojejunal anastomosis (Fig. 3A, B) , 2 with mucosa intussusception (Fig. 3C) , and, surprisingly, 4 without any obvious lesion (Fig. 3D) .
The obstructive symptoms had a rapid relief after the endoscopic treatment in all the 23 patients. Liquid diets were com given after the procedure. Nasogastric tube was successfully removed from 3 to 14 days (median 4 days). However, 2 patients underwent laparoscopic operation or laparotomy due to intestinal obstruction because of adhesion at >4 and 7 months after the endoscopic treatment respectively. No patient died due to this procedure.
Discussion
This study revealed ALO occurred after distal gastrectomy with Billroth II reconstruction at an incidence of 1.0% that was similar with the reported incidence that ranged from 0.3% to 1.0%. [11] [12] [13] [14] [15] However, the obstructive causes in this series, shown on initial CT examination, were not as those reported in the literatures, which include internal herniation, adhesions, kinking, intussusception, a gastrointestinal stone, or stomal stenosis due to inflammatory changes or malignancy. [15] [16] [17] [18] [19] [20] [21] In this study, the further testing by endoscopy were performed to observe the endoscopic appearance of gastrojejunal anastomosis that included mucosa inflammatory edema, inflammatory stenosis, mucosa intussusception, and normal endoscopic appearance. To our best knowledge, this study is the first to report the endoscopic characteristics of obstructive causes.
Due to the changes of anatomical structures in gastrointestinal tract after distal gastrectomy with Billroth II reconstruction, erosiveness of gastric and duodenal juice may lead to mucosa injury and inflammation in gastrojejunal anastomosis. Severe inflammation may not only result in anastomotic stenosis, but also lead to gastrointestinal motility dysfunction, and so it could further lead to incomplete or even complete ALO. In addition, In general, that the mucosa inflammatory edema, mucosa intussusception, or stenosis of gastrojejunal anastomosis, as the explicit mechanical obstructive factors, may result in incomplete or complete ALO is the obvious fact that requires no further explanation. However, with regard to the normal endoscopic appearance leading to ALO, the mechanism may involve multiple factors. The duodenum has weaker peristalsis because, as the retroperitoneal viscera, the bowel movement is restricted by the surrounding tissue. In addition, the vagus is cut at the radical gastrectomy, which may cause the inhibition of intestinal peristalsis. Furthermore, according the principle of communication vessels, the gastrojejunal anastomosis position, above the level of the duodenal stump, has the higher pressure that can prevent the duodenal emptying. Those all factors list above may be why the normal endoscopic appearance can lead to ALO.
For the management of ALO, surgical revision procedures such as adhesiolysis, [7] jejunojejunostomy with Braun procedure, or Roux-en-Y gastrojujunostomy have been the established treatments of choice. [9, 10] However, some patients would be poor candidates for a second surgical procedure because of debilitated state, associated peritoneal adhesion, or disseminated tumor. For those who are not candidates for surgery, the percutaneous transhepatic route via the biliary tree (PTBD or PTDD) for catheter placement in the obstructed afferent loop has provided effective palliation but in some cases may induce life-threatening septicemia caused by reflux of bowel content into the bile duct through the drainage tube. [2] [3] [4] [5] In addition, two case reports suggested that direct percutaneous tube enterostomy of the obstructed afferent loop may be an alternative approach to relieve the symptoms, [6] however, this procedure may lead to peritonitis and frequent catheter dislodgement caused by bowel peristalsis. Moreover, not all the cases have the appropriate puncture localization whether by ultrasound-guided or CT-guided.
In general, the direct percutaneous puncture approach should be avoided because of potential complications such as peritoneal spillage of bowel contents, peritonitis, septicemia, hemorrhage, and frequent catheter dislodgement caused by bowel peristalsis. [2, 3, 22] So, endoscopic management of ALO was suggestive. Two case reports suggested endoscopic placement of an enteral metallic stent insertion through the stenosis of afferent loop to relieve the obstruction. [23, 24] However, this procedure was only applied to ALO caused by malignant lesions. On the contrary, a case report suggested endoscopic decompression as the first treatment for ALO due to benign lesions. [25] In that procedure, endoscope was got over the stenosis of the afferent loop for bile drainage, which was a temporary and one-off decompression for the obstructed afferent loop. ALO may reappear after endoscopic decompression if obstructive conditions have not yet been exorcised. Furthermore, the operation may come with the risk of anastomotic injury if that was performed at the early stage after gastrojejunal reconstruction.
Significantly, all the procedures for ALO as described above were applied to only a case or several cases, and even with their unavoidable complication. However, in this series, endoscopic insertion of nasogastric tube to the afferent loop by the wireguide technique could be sufficiently avoid anastomotic injury. Moreover, retaining nasogastric tube could sustain the drainage and decompression of afferent loop until symptoms disappeared after normal eating had been resumed, which could both avoid the secondary endoscopic decompression due to recurrence of ALO, and alleviate edema of afferent loop for reduction of postoperative complications if definitive treatment by surgery was needed. This procedure, therefore, could be considered as the first step in treatment for ALO, whether eventually the conservative treatment or surgical treatment was needed.
In fact, the endoscopic decompression with nasogastric tube for the benign ALO has a high treatment success rate and few complications. This procedure is selected than any other treatments because that the ALO is actually a special type of intestinal obstruction and gastrointestinal decompression is the basis therapy for all types of intestinal obstruction treatment. The decompression of afferent loop is just the more accurate drainage for ALO.
The results of this study are subject to some limitations. First, it is a retrospective study. Different endoscopic procedures are performed in the cases. The procedures described in method 1 are performed in part of earlier cases, which are more likely to lead to injury of the gastrojejunal anastomosis. Thus, the safer endoscopic procedures of guide-wire intubation described in method 2 are performed in later cases. Moreover, the nasogastric tube placement time varied among the cases. The tube indwelling time in earlier cases was relatively long while in later cases relatively short. Second, this study has a limitation due to its small sample size. Despite these limitations, the results of this study showed that postoperative afferent loop obstruction, which is difficult to treat, could be treated effectively and safely with endoscopic nasogastric tube insertion for decompression. In particular, the main advantages of this procedure are early oral intake and avoid surgical treatment, thereby resulting in an earlier return to daily life activities.
Conclusions
In conclusion, endoscopic nasogastric tube insertion for decompression of the obstructive afferent loop is an effective and safe procedure for treatment of benign ALO. In addition, this procedure is less invasive than surgery and could be considered as the first step in treatment, especially in high-surgical-risk patients. Long-term studies, involving more patients, are still necessary to confirm this suggestion. 
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